Density, viscosity and refractive index of some binary mixtures of dibutyl maleate with acetophenone, cyclopentanone, cyclohexanone, and 3-pentanone have been measured over the entire composition range at (303.15, 308.15 and 313.15) K and at atmospheric pressure. Excess volume (V E ) and deviation in viscosity () have been estimated from the experimental data of density and viscosity. The results of excess properties are interpreted in terms of molecular interactions. These results were fitted to Redlich-Kister polynomial equation to estimate the binary coefficients and standard errors. Further the values of (V E ) have been analyzed using Prigogine-FloryPatterson (PFP) theory. Refractive index composition data are discussed in the light of various equations suggested by Lorentz-Lorentz, Weiner and Newton. The mixture viscosities have also been correlated using Auslaender and Krishnan-Laddha models.
I. INTRODUCTION
Thermodynamic data on density, viscosity are mostly essential for any industrial process as they find several practical applications [1, 2] . The excess or deviation properties obtained from such thermodynamic data enable us to understand the molecular interactions involving in liquid-liquid mixtures [3] . Dibutyl maleate has been selected owing to its importance as an additive and intermediate for plastics, pigments, pharmaceuticals and agricultural products. Dibutyl maleate is used in the manufacturing of paints giving them a higher flexibility, stability to water and ultra violet light besides a higher adherence, plasticizer in water resistant film. Now days it can be used as gelatin accelerator and anti-corrosive additive. To the best of our knowledge there are no reports on thermophysical properties for the binary mixtures of dibutyl maleate with ketones. This is mainly motivated us to undertake the present study.
In continuation of our program of research on the physicochemical properties of binary nonelectrolyte liquid mixtures of esters [4] [5] [6] . We report here experimental densities (), viscosities (), and refractive indices (n D ) for dibutyl maleate + acetophenone, + cyclopentanone, + cyclohexanone and + 3-pentanone at (303.15, 308.15 and 313.15 ) K over the entire range of mixture composition at atmospheric pressure. The aim of this work is to investigate the applicability of Prigogine-FloryPatterson (PFP) theory to the excess volume and also to analyze applicability of the three parameter viscosity models of Auslaender and Krishnan-Ladha and the refractive index models viz. Loretz-Lorentz, Weiner and Newton.
II. EXPERIMENTAL

Materials
All the liquids used in the present study were purified by standard methods [7] . The mole fraction of purity was better than 0.995 for all the liquids and they were stored in dark bottles to prevent contamination from air and dried over 4A molecular sieves. The purity of the solvents was finally checked on GLC and the final purity was found to be better than 99.8 mole %.
Apparatus and Procedures
Mixtures of different compositions were prepared for each binary system in airtight bottles. Mass measurements accurate to ± 0.01 mg were made on digital electronic balance (Mettler, AE 240 Switzerland) . The uncertainty in the mole fraction thus estimated was found to be less than ± 1 x 10 -4 . Densities of pure liquids and their binary mixtures were determined using a Rudulph research analytical digital densimeter (DDH-2910 USA). The instrument calibration has been described earlier [8] . The uncertainty in the density measurement was found to be ± 3 x 10 -4 g.cm -3
. The viscosities of pure liquids and their mixtures were determined using an Ubbelhode viscometer. The flow time of each sample was measured by suspending viscometer in a low temperature viscometer bath (Cat No: KVB-04/SP, Sr. No: 2KX-03-375, Watts 1500, Volts 1-230) supplied by S. Kumar Mumbai, India. The temperature of the viscometer bath was controlled within ± 0.01K. The uncertainty in dynamic viscosities is of the order of ± 0.003 mPa.s. Refractive indices of pure liquids and their mixtures were measured using a refractometer (RM40, Metteler Toledo, Switzerland) with an uncertainty of + 0.0004. The instrument has built-in solid state thermostat of temperature range (5 to 100° C) with an uncertainty of + 0.1°C. The calibration of the instrument was carried out by dry air and water at a required temperature.
III. RESULTS AND DISCUSSION
The experimental values of densities (), excess volumes (V E ), viscosities (), refractive indices (n D ) of at (303.15, 308.15 and 313.15) 
Where ρ is the density of the mixture and (x 1, M 1 and ρ 1 ) and (x 2, M 2 and ρ 2 ) are the mole fractions, molar masses, and densities of pure components 1 and 2 respectively. The variation in excess volume with mole fraction of the studied binary mixtures is displayed in Fig.1 . The V E values are found to be negative over the entire range of composition exhibiting negative curves. The V E of mixtures is mostly influenced by chemical, structural and physical effects. The close observation of Fig.1 indicates that molecular interactions between ester and ketones are most favored in the region of x 1 = 0.5 with minima. This may be attributed to variable size and shapes of acetophenone, cyclopentanone, cyclohexanone and 3-pentanone molecules causing strong interactions with ester molecule. In the present study the negative V E values may indicate that volume reducing factors are dominant over the expansion factors. Fig.2 shows that deviation in viscosity (). The viscosity deviations  were calculated using the relation
where  is the dynamic viscosity of the mixture and  1 and  2 are the viscosities of pure components respectively. The excess molar volumes and the deviations in the viscosities were fitted to Redlich-Kister [9] equation of the type
Where y is either V E or  and 'n' is the degree of polynomial. Coefficients A i were obtained by fitting equation (3) to experimental results using a least squares regression method. In each case, the optimum number of coefficients is ascertained from an examination of the variation in standard deviation ( ). The variation in standard deviations ( ) was calculated by using the relation
where 'n' represents the number of data points and 'm' is the number of coefficients. The calculated values of the polynomial coefficients along with their standard deviations ( ) are given in Table 2 . It is observed that the  values are negative for mixtures of acetophenone and 3-pentanone, while for mixtures of cyclopentanone and cyclohexanone  values are completely positive over the entire mole fraction range of dibutyl maleate. Further it is observed that the values are more negative for 3-pentanone and less negative for acetophenone. However the negative deviation decreases with increase in temperature. Likewise for mixtures of cyclopentanone the  values are less positive as compared to cyclohexanone indicating the effect of temperature on mixtures. A close observation of Fig. 1 and 2 reveals that the isotherms do not follow common trend indicating a clear idea that the strength of specific or dispersion forces is not the only factor influencing the deviation in mixture viscosities [10] . The shape and size of the liquid components are also responsible factors.
Correlation of Mixture Viscosities:
Molecular models have been developed and utilized to obtain further understanding of liquid mixture viscosity. Generally the models have been M.V. Rathnam et al. Int. Journal of Engineering Research and Application www.ijera.com ISSN : 2248-9622, Vol. 7, Issue 4, ( Part -1) April 2017, pp.30-41 www.ijera. 
(5) Where A 21 , B 12 and B 21 are parameters representing the binary specific interactions and could be calculated by a least square procedure.
Krishnan-Laddha model:
The equation proposed by is based on Eyring's theory of absolute reaction rates [15] . The kinematic viscosities of the binary systems were correlated using following equation lnν = x 1 lnν 1 + x 2 lnν 2 + x 1 lnM 1 + x 2 lnM 2 -ln[ ( 
where 'n' represents the number of data points in each set and 'k' the number of numerical coefficients in the equations.  cal has been obtained from model equations (5 and 6). The calculated interaction parameters of equations (5 and 6) and  (%) values are given in Table 3 . Analysis of these values reveals that for Auslaender model, the  (%) values are in the range of (0.02-0.91) with average  (%) value as 0.323. While for Krishnan-Laddha model, the  (%) values are in the range of (0.02-2.60) with average  (%) value as 0.982 for the studied binary systems. From the analysis of  (%) values it is evident that Auslaender model predicts the experiemental mixture viscosities more satisfactorily than Krishnan-Laddha model.
Applications of Refractive Index Mixing Rules:
Refractive index is a fundamental physical property of a substance. It is often used to identify a particular substance, confirm its purity, or measure its concentration. There have been several theoretical mixing rules for predicting the refractive index of binary liquid mixtures. Pandey et al [16] have discussed the significance of such mixing rules. Among the various mixing rules the most widely used refractive mixing rules are of Lorentz-Lorentz and Weiner. In the present report we have applied the following mixing rules for the analysis of our experimental refractive index data.
Lorentz-Lorentz
[17,18] [n 12 2 -1 / n 12 2 +2] = [n 1 2 -1 / n 1 2 +2] Φ 1 + [n 2 2 -1 / n 2 2 +2] Φ 2 (8)
Weiner [17,18]
[n 12 2 -n 1 2 / n 12 2 + 2 n 1 2 ] = [n 2 2 -n 1 2 / n 2 2 +2 n 1 2 ] (9)
Newton
Where n 12 is the refractive index of the binary mixture. Φ 1 and Φ 2 are the volume fractions, and n 1 , n 2 are the refractive index of pure components 1 and 2 respectively. The predictive ability of equations (8-10) has been tested by calculating the average percentage deviation (APD) between the experimental and calculated values using the following relation
Where 'n' is the number of data points. The values of average percentage deviations of the investigated mixtures are given in Table 4 . A perusal of refractive index data reveals that these n D values decrease with increase in temperature for all the binary liquid mixtures. This decrease may be attributed to the decrease in densities with increase in temperature. Similar behavior has also been observed by M.V. Rathnam et al. Int. Journal of Engineering Research and Application www.ijera.com ISSN : 2248-9622, Vol. 7, Issue 4, ( Part -1) April 2017, pp.30-41 www.ijera. 
Prigogine-Flory-Patterson Theory:
The Prigogine-Flory-Patterson (PFP) theory was used to correlate the V E results for the studied binary mixtures. The details pertaining to PFP theory and different contributions have been reported earlier [24] . The parameters involved for the pure components are obtained by PFP theory and are represented in Table 5 . While the values of three contributions of PFP theory to V E and the calculated V E data at x 1 = 0.5 along with experimental equimolar values of V E for each of the binary mixture at the studied temperatures are given in Table 6 .
A perusal of 
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